We report that Gata-2 is expressed in a sexually dimorphic fashion during mouse gonadogenesis. Gata-2 transcripts accumulate rapidly in the fetal ovary from 11.5 days post coitum (dpc) onwards, but are not detected in the fetal testis throughout the period studied (10.5-15.5 dpc). Ovarian expression of Gata-2 ceases by 15.5 dpc. Examination of ovaries from embryos homozygous for the extreme allele of c-kit(W e ) (Nature, 335, 88; Cell, 55, 185) demonstrates that ovarian Gata-2 expression is dependent upon the presence of germ cells. Comparative in situ hybridisation using the germ cell marker Oct4 (EMBO J., 8, 2543) indicates that Gata-2 transcripts are restricted to the germ cell lineage at 13.5 dpc. q
Results and discussion
Several genes with a role in sexual development have been shown to be transcribed in a sexually dimorphic fashion during gonadogenesis (for reviews see: Greenfield, 1998; Swain and Lovell-Badge, 1999; Capel, 2000) . However, to date, only three genes have been shown to exhibit elevated levels of transcription in the developing ovary, Dax1 (Swain et al., 1996) , Wnt4 (Vainio et al., 1999) and Psx2 (Takasaki et al., 2000) . Each of these genes is initially expressed in both XX and XY embryonic gonads.
The GATA family of zinc finger transcription factors has been implicated in a wide range of developmental processes (Simon, 1995; Weiss and Orkin, 1995) . Gata-2 is known to be essential for development of primitive haematopoietic cells. Mouse embryos homozygous for a Gata-2 null allele display marked anaemia and die by 11.5 days post coitum (dpc) (Tsai et al., 1994) . Partial rescue of this mutation reveals a distinct role for Gata-2 in urogenital development. Neonates die from hydroureternephrosis, with malformed kidneys and ureters (Zhou et al., 1998) . There are also malformations in Müllerian and Wolffian duct derivatives, although embryonic testes appear normal at 13.5 dpc (Zhou et al., 1998) . No data concerning ovarian morphology of rescued mutants have been reported. We analysed the spatiotemporal expression pattern of Gata-2 during gonad development using whole mount in situ hybridisation (WMISH) (Fig. 1) . No expression was observed at 10.5 dpc in gonads of either sex though transcripts were detectable in the mesonephroi (Fig 1a) . Gata-2 transcription was first observed at 11.5 dpc in the female gonad (Fig 1b) . No expression was observed in the male gonad at this stage or subsequent stages. This sexual dimorphism of expression is apparent at 12-12.5 dpc (Fig. 1c,d ) when Gata-2 expression in the ovary is prominent. This pattern of expression continues ( Fig. 1e-h ) until 15.5 dpc when Gata-2 transcripts are no longer observed in the ovary (Fig. 1i) . Expression in the female and male mesonephroi is observed at all stages.
To identify the cell-type specificity of Gata-2 expression in the ovary, two complementary approaches were taken. Firstly, ovaries were collected from 13.5 dpc embryos in which the extreme allele (W e ) of c-kit was segregating (Chabot et al., 1988; Geissler et al., 1988) . Germ cells are absent in gonads from mice homozygous for the W e allele. This allowed us to determine whether ovarian Gata-2 expression is dependent upon the presence of germ cells.
Homozygous mutants and wild-type littermates were identified and Gata-2 expression was analysed by WMISH (Fig. 2) . Gata-2 is expressed in the developing ovary and mesonephros of wild-type littermates (Fig. 2a,c) homozygous for the W e allele also exhibit mesonephric expression of Gata-2, however, no transcripts are detectable in the ovary (Fig. 2a,b) , demonstrating that ovarian expression of Gata-2 is dependent upon the presence of germ cells.
In order to distinguish between germ cell-induced somatic expression and germ cell restricted expression of Gata-2, a comparative in situ hybridisation analysis was performed on sections with the germ cell marker Oct4 (Scholer et al., 1989) . Ovaries were examined at 13.5 dpc since this represents the latest stage at which Oct4 displays high levels of expression (Nichols et al., 1998) . Gata-2 expression is visible in the ovary and mesonephric mesenchyme (Fig. 3a) whilst Oct4 is restricted to the germ cells of the ovary (Fig. 3b) . Simultaneous hybridisation of Oct4 and Gata-2 probes to the same sections indicates that ovarian expression of Gata-2 overlaps that of Oct4 (Fig. 3c) . These Fig. 1 . Gata-2 is expressed in a sexually dimorphic fashion during mouse gonad development. (a) No gonadal expression is observed in either sex at 10.5 dpc, but transcripts are seen in the mesonephros of both sexes (arrows). (b) Expression is first observed in the female gonad at 11.5 dpc (arrow) but is absent from the male. High levels of Gata-2 transcript are observed exclusively in the female gonad at 12.0 (c), 12.5 (d) and 13.5 dpc (e). (f g) Longitudinal sections through 13.5 dpc ovary (f) and testis (g) confirm expression of Gata-2 in the ovary and absence of expression in the testis. (h) Gata-2 expression is still observed at 14.5 dpc in the ovary but is absent by 15.5 dpc (i). o, ovary; t, testis; m, mesonephros. data indicate that Gata-2 transcripts are restricted to the ovarian germ cell lineage at 13.5 dpc.
Materials and methods
Mouse matings, embryo collection, wholemount and section in situ hybridisations were performed as previously described (Grimmond et al., 2000; Strahle et al., 1994) . Embryos were sexed by staining of amnion cells to identify Barr bodies (Palmer and Burgoyne, 1991) . The Gata-2 probe is a 775 bp cDNA isolated from the NMUR (normalised mouse urogenital ridge) library (Grimmond et al., 2000) and corresponds to nucleotides 2358 to 3133 of the published Gata-2 sequence (Accession no. NM_008090). For riboprobe synthesis the Gata-2 plasmid was linearised with EcoRI and T3 RNA polymerase (Roche) was used to make anti-sense riboprobe. The Oct4 clone was from the IMAGE consortium (accession no. AA522407) and was linearised with BamHI and riboprobe was synthesised using T7 RNA polymerase (Roche). For section in situ hybridisations, Oct4 was labelled with fluorescein (Roche) and Gata-2 was labelled with digoxygenin (Roche). Genotyping of W e /W e mice was conducted as previously described (Koopman et al., 1990) .
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